crotonyl units, and an O-a-D-glucosyl-TV-methyl-L-a/Zo-threonine unit. The structure determination of 1 utilized the selective cleavage of the dehydropeptide units by ozonolysis to form fragments that were sequenced by mass spectrometry. The stereochemistry of the amino acid units were assigned by isolation of the free amino acids from the hydrolysates of the fragments. The stereochemistry of the a-aminocrotonyl units and the glucosidic Antibiotic W-10 complex is produced by a novel bacterium from the genus Aeromonas designated as Aeromonas sp. W-10 NRRL B11053. The antibiotic complex is comprised of several components including Sch 20561 and Sch 20562, the two major components in this complex, which are of biological interest due to their potent antifungal activity against yeasts and dermatophytes.1* We report here the chemical degradation studies that led to the assignment of the structure and Scheme 1. Physical data and hydrolysis products of 1, extinction coefficient for the 240nmabsorption in the UVin base5) and the integration of the oleflnic methyl signal in the NMRsuggested that 1 was a dehydropeptide containing two a-aminocrotonyl units 9 (Aca). The facile methanolysis of 1 to form a methyl ester 6, the identification ofD-Hma (4a)6) in the base hydrolysis, and 1 a-methyl glucoside 5 in the acid catalyzed methanolysis, together with the ninhydrin negative reaction supported a lactonic glucosidic structure with a blocked yV-terminal amine for the dehydropeptide. The presence of the dehydro units 9 was further confirmed by the formation of acetaldehyde (characterized as the dimedone adduct 8) in the ozonolysis of6.
Electrom impact (El) mass spectrometry of permethylated 7V-acyl peptides is a convenient technique for the sequencing of oligopeptides. Fragment ions derived from the El cleavage of the derivatized peptide at the peptide bonds are characteristic since the charge is retained by the N-terminal fragment.7) Weutilized this technique for sequencing the peptides described here. Permethylation of the acyclic methanolysis product 6 afforded 10 which showedthe characteristic fragmentation pattern a~g in the El mass spectrum thereby establishing a partial sequence for the peptide 6 (Scheme 2). The fragment ions beyond g were not informative and hence the full sequencing of 6 required smaller fragments derived from this peptide. Mild acid hydrolysis of 1 or 6 to generate such fragments was found to form complexmixtures of products arising from random peptide fragmentations and this approach was not attractive. At this point, we madeuse of an observation from the initial experiment in the ozonolysis of6 to 7 used for confirming the presence of dehydropeptide units 9 (Scheme 1); TLC analysis of the ozonized product showed that 6 was converted into a mixture of only three products which were easily separable in view of their widely different polarities. We reasoned that an intermediate oxalimide 12 formed in the ozonolysis ofa dehydropeptide ll (Scheme 2), would undergo a selective methanolysis at the imide carbonyl to afford the amide 13 and an TV-terminal methyloxalamide 14 as the two cleavage products wherein the oxalamide group in 14 and the nitrogen of the amide group of 13 are derived from the dehydro unit.8) This methodology was utilized to obtain fragments from 6 and from other intermediates derived from 1 that are described here. Ozonolysis of the acyclic methyl ester 6 followed by reductive work-up with Me2Sand methanolysis of the intermediate oxalimide afforded, after chromatography, exclusively the three fragments A~C(4c, 15, and 16 and amino acid analysis of its acid hydrolysate showed, in addition to Glu and Gly, the presence of Asp which was not found in 1. Tetrapeptide 16 contained an N-terminal methyloxalyl group derived from the second Aca unit in 1, and an A/-formyl-Asn-OCH3 as the carboxy terminal unit. The Af-formyl-Asn unit in the tetrapeptide arises from the ozonolysis of the imidazole ring in the His unit originally present in 1 and 6.9) Acetylation of 16 afforded a tetraacetate 16b. Additionally, the *H NMRspectrum of 16 showed the presence of an N-CH3signal at 3 2.90.This information prompted us to use CD3Iin the permethylation of 16 in order to differentiate the methyl group present in 16 from the methyl groups introduced by permethylation. Ammonolysis of the two methyl esters and the TV-formyl groups of 16 formed the diamide 16a which was permethylated using CD3I to afford 18. The El mass spectrum of 18 showed the fragment ions a~d in agreement with the amino acid sequence shown. The sequence confirmed the presence of an TV-methyl threonine unit that was not evident in the preliminary hydrolytic composition of 1 because TV-methyl-aminoacids are not detectable in conventional amino acid analysis based on ninhydrin color yield detection.10) In order to ascertain that the Asn residue in 16 (His residue in 1 and 6) was indeed the terminal carboxy in the acyclic peptide sequence 6 and also the carbonyl of the lactone in 1, the compoundwas aminolyzed to 6a showed the fragment ions a~d 'm the El mass spectrum, in agreement with the amino acid sequence shown.
The information provided by the partial sequence 10 in conjunction with the sequence overlapping12) of the fragments 4c, 15, 16, and 16c enabled us to assign the full ndnapeptide sequence for the acyclic products 6 and 6a derived from 1 (Scheme 4). Wethen determined which of three possible hydroxyl groups was involved in the lactonic structure of 1. This was accomplished by blocking the free hydroxyl groups in 1 by preparing a per-tetrahydropyranyl derivative 19.
Treatment of 19 with aqueous regenerated 1 thereby ensuring that the integrity of the molecule was maintained during the THP formation. Ozonolysis of 19 followed by reductive work-up and methanolysis afforded, after chromatography, the THP derivative of D-jS-hydroxymyristamide 4d as a mixture of diastereoisomers, the tripeptide 20, and other uncharacterized products. The permethylation product 21 derived from 20 showed the fragment ions a~c in the El mass spectrum as expected for the sequence shown. Additionally, the fragment ion at m/e 216 identified the free hydroxyl group in 20 and this result in conjunction with ethylamide functionality in 6a also established that the hydroxyl group of the threonine-2 and the carboxy of the terminal histidine-9 form the lactonic bond in 1. The facile methanolysis observed for 1 would be expected for a lactone derived from a histidine unit. The information generated to this point established the gross cyclic structure la for Sch 20562 wherein the only unit with a defined stereochemistry was the N-terminal Hmaresidue.
Stereochemistry of the Amino Acid Units
The approach used to define the absolute stereochemistry of the amino acid units in la was based on the isolation and characterization of the individual amino The hydroxyl group of the Thr-3 unit in 27 was oxidized with Jones reagent and the resulting mono-threonine derivative 28 was hydrolyzed to afford the Thr-2 unit which was characterized as L-threonine (29 (b) NaIO4/H2O (c) Zn dust/AcOH/H2O (d) i. 6n HC1/1 10°C/24h, ii. silica gel chromatography.
zinc-acetic acid to provide the unmasked hydroxy compound 33. Compound33 was found to be stable to /^-elimination, and upon hydrolysis afforded the amino acid unit #8 which was characterized as 7V-methyl-L-<2//<9-threonine (34).13)
Stereochemistry of the Dehydro Units
Assignment of the stereochemistry for 2-acylaminocrotonates (N-acyl-Aca) using NMRspectroscopy has been reported previously. Based on the XHchemical shifts in CDC13of several 2-acylaminocrotonates, the isomers with low field resonances for both the methyl doublet and the vinyl quartet were assigned the E configuration.14) However, we had observed an isomerization of the dehydro unit in the aminolysis of 1 to the ethylamide 6a; the XH NMRspectrum of 6a in DMSO-d6showed that the vinyl proton was shifted down field while the olefinic methyl was shifted up field relative to the resonances in 1,ll) and this suggested that the chemical shift positions and deshielding effects for these protons were solvent dependent. For direct comparisons of the chemical shifts in DMSO,we prepared the 7V-acetyl isomers 37 and 39 by the^-elimination of the 7V-acetyl-0-mesyl-threonine methyl esters 36 and 38 (Scheme 7). It was found that 
6.78 (q, 7=7Hz) 7.02-(q, 7=7Hz)
Chemical shifts in ppm relative to on decoupling experiments. Chemicaal shifts in (DMSO-J6 25.2 MHz).
either of these substrates afforded a mixture of the olefins 37 and 39 and these could arise by a competing inversion at C3, under the Et3N basic conditions used, followed by trans elimination of the inverted product. *H NMR data in Table 1 showed that in DMSO-<i6, the vinylic proton in the Z isomer 37 is deshielded by the ester carbonyl by 0.58ppm relative to the resonance for the E isomer 39 and the methyl doublet in the latter isomer is deshielded by 0.1 ppm relative to the resonance for the Z isomer 37. The chemical shifts for these protons in Sch 20562 (1) correlate with those in 39 and the Aca units were therefore assigned the E configuration.
Stereochemistry of the Glucosidic Linkage
To complete the structure elucidation of Sch 20562, the stereochemistry of the glucosidic linkage at the N-MG-L-allo-Thr-8 unit remained to be assigned. Table   2 We utilized Sch 20561 (la)2) which was found to be the aglycone of 1, and compound 33 which was the aglycone derived from the glucosidic tetrapeptide fragment 16, to determine the glucosidic contribution to the [M]D's in 1 and 16. The data in Table 3 
13C NMRassignments for Sch 20562
Most of the 13C NMRchemical shifts observed for 1 were assigned by comparison with known data for the individual units in the molecule.2'17) The assigments for each of the residues in 1 are summarized in Table 4 . 391 
Conclusion
On the basis of the data presented here, the complete structure and stereochemistry 1 was assigned to the antifungal antibiotic Sch 20562. This natural product was found to be a macrocyclic glucosidic dehydro nonapeptide lactone containing somenoteworthy struc- In summary,wedescribe here our studies that led to the structure elucidation of the antifungal antibiotic Sch 20562 (1). Ozonolysis of the dehydropeptide units was utilized to accomplish the selective cleavage of the peptide into three fragments which were sequenced by mass spectrometry. The stereochemistry of the amino acid units was assigned by isolation of free amino acids from the hydrolysates of the fragments. Minor chemical modifications of the fragments prior to hydrolyses were necessary to allow the selective isolation of the individual threonine units. at 80°C. After 5 minutes, Mel (0.1ml) was added and the reaction was worked up after 1 hour by diluting with ice/water, acidification to pH 4 with dilute acid and extraction with CH2C12. The major product from the permethylation was isolated by TLC on silica-gel. 1-Methyl-a-D-glucoside (5) from the Methanolysis of 1 A solution of 1 (0.4g) in 6n methanolic HC1 (10ml) was allowed to stand at room temperature for 20 hours, evaporated to dryness and the residue was chromatographed on silica-gel (15g) eluting with 5% MeOH-CH2C12. The anomeric mixture of methyl glucosides VOL.52 NO.4 THE JOURNAL OF ANTIBIOTICS (50 mg) thus isolated was peracetylated with Ac2O(1 ml) in pyridine (2ml) for 24 hours at room temperature, evaporated to dryness and the product was chromatographed on silica-gel (4 g, 8% Me2CO-hexanes) to afford the pure peracetates of the a-glucoside (47mg) and /?-glucoside (30mg). The a-glucoside tetraacetate was dissolved in 75% methanol-ammonia (1.5ml) and after 4hours the solution was evaporated, the residue was dissolved in water followed by lyophilization and crystallization from EtOH -Et2O to afford 1-methyl-a-D-glucoside 5 as needles: (21 mg 
His-OCH3 (6) A solution of 1 (1.0g) in MeOH(50ml) and Et3N (3.0ml) was stirred at room temperature for 24 hours and then evaporated under reduced pressure. The residue was dissolved in MeOHand diluted with Et2O. The resulting suspension was filtered to afford 6 as a white A stream of ozone was bubbled into a solution of 6 (1.0g) in MeOH(60ml) at -78°C until a blue color developed followed which, excess O3 was removed with a stream ofN2 followed by the addition ofMe2S (2ml). The solution was stirred at roomtemperature until a starch-iodide test was negative, and then Et3N (1 ml) was added followed by evaporation under reduced pressure.
The residue was chromatographed on silica-gel (80g NH3-MeOH(2ml) at room temperature and after 0.5 hours was evaporated to dryness. 
A solution of 15 (0.1 g) in MeOH(2ml) was treated with excess CH2N2-Et2O. The solution was stored at 0°C for 8 hours and was then evaporated to dryness. The product was purified by chromatography on two silica gel thick-layer plates (20 x 20 x 0.1 cm) using 15%MeOH/ CH2C12as the developing solvent to afford 15b as a white powder: XH NMR (DMSO-d6, 100MHz) 5 1. 
A solution of 15 (0.1 g) in pyridine (2.0ml) and Ac2O (1.0ml) was stored at 15°C for 24 hours and was then evaporated under reduced pressure and azeotroped with benzene. The crude product was dissolved in CH2C12 followed by the slow addition of Et2O to afford 15c as a whithe amorphous solid: XHNMR(DMSO-d6, 100 
A solution of16 (0.05 g) in pyridine (1.0ml) and Ac2O (0.5ml) was stored at 15°C for 24 hours and was then evaporated under reduced pressure. 
A solution of 16 (0.22g) in MeOH(20ml) was cooled in an ice-bath and saturated with NH3.The solution was kept at 10°C for 72 hours and was then evaporated to dryness. The product was isolated by trituration with H, 6.20, N, 16.42. Found: C, 42.13; H, 6.18; N, 15.67 
A solution of 1 (1.0g) in DMF (10ml) and EtNH2
(0.25ml) was kept at 15°C for 5 days and was then evaporated under reduced pressure. The product was purified by chromatography on silica-gel (30g), using C, 55.66; H, 7.40, N, 12.98. Found: C, 55.61; H, 7.56;  N, 12.7
Ethyamide 15 (l.Og) in MeOH (60ml) was ozonized at -78°C as described above for 6. The reaction product was chromatographed on silica-gel (30g). Elution with 10% MeOH-CH2Cl2afforded 4c and 15. Elution with 20% MeOH-CH2C12 afforded 16c which was precipitated from MeOH-Et2O as a white amorphous solid (0.25g):
XHNMR (DMSO-</6, 100MHz) <5 1.05 (m, 6H), 2.95 (s, 3H), 3.80 (s, 3H) . AnalCalcd for C28H45O16N7å H2O: C, 44.62; H, 6.29, N, 13.01. Found: C, 44.86; H, 6.27; N, 13.31 A solution of20 (0.2g) in pyridine (2.0ml) and Ac2O (0.2ml) was allowed to stand at room temperature for 24 hours and was then evaporated to dryness under reduced pressure. The residue was purified by chromatography on silica-gel (5g, elution with 5%
MeOH/CH2Cl2) and the product was dissolved in 70% AcOH-H2O (10ml). After 3 hours at room temperature the solution was evaporated to dryness, the residue was dissolved in acetone (5ml) and excess Jones reagent (0.3 ml) was added. The solution was then treated with /-PrOH (0.2ml), filtered thru a celite pad and the filtrate was evaporated to dryness. The residue was hydrolyzed in 6n HC1 (5ml) at 110°C for 16 hours. The hydrolysate was chromatographed on silica gel (5g A solution of16 (0.5 g) in H2O (10ml) was stirred with NaIO4 (0.6g) at room temperature for 3 hours and was then quenched by the addition of ethylene glycol (0.1 g). After 1 hour, the pH of the solution was adjusted to neutrality with NaHCO3 and the mixture was evaporated suspended in water (2ml) and stirred with H2S at room temperature. The resulting black suspension was then filtered and the clear filtrate was evaporated to dryness.
The residue was recrystallized from H2O -EtOH to afford L-aspartic acid (31) as colorless crystals (25mg):
[a]D +23°(5 nHC1, c= 0.32), identical (TLC, NMR, rotation) with an authentic sample of L-aspartic acid.
Z-a-Aminocrotonic Acid Methyl Ester (37) A solution ofL-threonine (1.4g) in AcOH(30ml) and H2O(3 ml) was saturated with HC1gas and after 48 hours at rt the solution was evaporated to dryness. Theresulting O-acetyl-L-threonine was dissolved in NH4OH(15 ml) at 0°C and after 48 hours at roomtemperature the solution was evaporated to dryness. The product was suspended in MeOH(5ml) and treated with an excess CH2N2 in Et2O, filtered and the filtrate on evaporation afforded 7V-acetyl-L-threonine methyl ester (0.5g) which was dissolved in pyridine (10ml) and treated with mesyl chloride (0.5 ml) at 0°C for 0.5 hour followed by 0.5 hour
